Here we present exploratory calculations of the light meson radiative transition moment ρ → γπ from lattice QCD. We observe interesting chiral curvature in the form factor and a definite environment sensitivity in the quark sector contributions. Results are compared with the simple quark model and experiment.
Introduction
Upon examining the literature for lattice calculations on the radiative decays of the light vector mesons we find some encouraging results with opportunities to make progress. The earliest study by Woloshyn [1] examined these transitions in the context of SU(2) colour and found that his results were comparable to, but systematically smaller than the experimental results. Cristafulli and Lubicz [2] , using SU(3)-colour, were able to extract results that were consistent with experiment, but the large, unphysical pion masses and large Q 2 values of this study raised questions about their extrapolation to Q 2 = 0. Edwards [3] provides a comprehensive calculation of ρ → πγ over a wide range of Q 2 , but for a single, somewhat heavy pion mass. Inspired by the quenched-studies of the baryon octet [4] , baryon decuplet [5] and the pseudoscalar and vector mesons [6] of the CSSM, we present a quenched-study of the light-meson transition form factors across a wide range of pion masses to explore the properties of this transition and prepare for a comprehensive calculation in full QCD on large lattices.
Lattice procedure
For the transition in question, the relevant vertex function [7] contains only a single term and takes the form
Here P = p 1 + p 2 is the total momentum and q = p 2 − p 1 is the momentum transfer. We note, as was done in [1] , our vertex includes a factor of m V −1 to ensure that the form factor F V γPs (Q 2 ) is dimensionless. We note, this convention was not adopted in [2] . In our calculation, we use the following ratio of correlation functions to calculate F V γPs (Q 2 )
Here there is no sum on repeated indices. Using the vertex defined above, one can show that the ratio is related to
Given a choice of momentum for the final and initial states, we are able to calculate the correlation functions and so extract a value for F V γPs (Q 2 ). A convenient choice, which we utilise here, is to have one of the particles stationary. Importantly, we still have the freedom to choose which of the particles is stationary. This choice in kinematics has the nice feature that it provides us with two distinct values of Q 2 for a given three-momentum insertion.
Calculation Details
The exploratory calculation was carried out on a small ensemble of 75 quenched gauge field configurations, calculated using an O(a 2 ) mean-field improved Luscher-Weisz plaquette + rectangle gauge action and fat-link irrelevant clover (FLIC) Dirac operator for the fermions. These lattices are 20 3 × 40 with lattice spacing a = 0.128 fm.
We use eight κ-values giving values for m π ranging from 830-300 MeV and hold the strange quark mass fixed with m ss = 697 MeV. Quark propagators are calculated using smeared sources at t = 8. Three-point propagators are calculated using the sequential-source technique where we hold the momentum of the current fixed. For the vector current we use an O(a)-improved FLIC conserved vector current with current insertion at t = 14. Further details for these ensembles can be found in [4, 6] 4. Accessing The vector dominance model suggests that the form factor should exhibit a monopole behaviour at low Q 2 . In [2] vector dominance was found to agree poorly with the data, but we note that this may be due to the large values of Q 2 investigated resulting from their small lattice volume. In contrast to this, the results of Edwards in [3] , which examined the rho transition over a large range of Q 2 , certainly support the vector dominance hypothesis. As a result, we choose to fit the transition data to
in the process of determining F V γPs (0). Figure 1 highlights the Q 2 dependence for ρ → πγ where the dashed lines are the monopole fits for each value of m 2 π considered. By setting the electric charge of one quark sector to unity and the others to zero, one can resolve the contribution of each quark flavour to the form factor. Fig. 2 details the quark sector results for F V γPs (0) as a function of quark mass. Comparing the light u or d quark sector results between the ρ and K * , we can see that there is a definite sensitivity to the presence of the strange quark. The curvature exhibited by the light sector in the ρ is significantly reduced in the K * .
Quark sector Results

Meson Form Factor Results at Q 2 = 0
To calculate F V γPs (0) for the hadron in question, we sum the relevant quark sector contributions weighted by the charge of each quark. Having combined the relevant quark sector results, we now examine the transition form factors of the hadrons in Fig. 3 . As a comparison, we include simple quark model predictions which are summarised in the review by O'Donnell [8] . We also include experimental results for the transition form factors which we calculate from the decay widths using the expression
In all three cases, our results display a quark mass trend towards the experimental measurements. It is interesting that for each hadron, all have larger magnitudes at heavy masses and exhibit slight curvature as we approach the physical limit. Of course the curvature displayed at the lightest masses will reflect the associated quenched chiral effective field theory. We intend to follow up this calculation with a full QCD simulation and employ our correlation matrix techniques [9] . A comparison between our results and those of the quark model show good agreement in the heavy quark regime. As we move towards the physical point, we see that the data deviates from the quark model result due to the onset of the chiral curvature. In particular, for the case of the K * ± → K ± transition, we find that the curvature in the data changes direction to that suggested by the quark model indicating that there may be significant meson cloud effects present that are unaccounted for in the quark model. It will be interesting to explore these effects with the inclusion of dynamical fermions.
Conclusion
In this work we have calculated the transition moment for the radiative decays of vector mesons. Interestingly we see chiral curvature and a definite environment sensitivity of the quark sector contributions. Having established the framework it now stands to explore this physics in full QCD. It will also be interesting to implement this analysis on the radiative transitions of nucleon resonances [10, 11, 12] .
